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NEAR-IR PHOSPHORESCENCE OF IRIDIUM(III) CORROLES AT AMBIENT TEMPERATURE
In my initial communication to JACS, I noted that the progress of iridium insertion into the corrole framework could be monitored by observing the disappearance of the strong red luminescence of free-base H 3 tpfc. The lack of any visible fluorescence from the iridium products hardly comes as a surprise, given that heavy metal atoms often promote ultra-fast ISC from a luminescent singlet state to a non-radiating triplet. However, cyclometalated and polyimine Ir(III) complexes often display bright phosphorescence from the triplet state, and heavy-metal porphyrins (particularly platinum complexes) are well-known for their triplet luminescence. With this in mind, I decided to measure the luminescence of a few of my compounds despite the fact that they are not visibly fluorescent, and the results turned out to be quite intriguing.
At first, I thought the large emission peaks I was seeing around 800 nm from degassed Ir corrole solutions might be artifacts of the correction file on my group's fluorimeter. R928P
Hamamatsu PMTs are not particularly sensitive past 750 nm, and the multiplication of photon intensity that the software performs to make up for this lack of sensitivity can sometimes cause strange effects. However, the experiments were reproducible, and the intensity of the emission scaled well with the concentration of the luminophore, so Jay
Winkler, director of BILRC at Caltech, purchased an instrument designed for detection of more red-shifted luminescence than the fluorimeter could comfortably handle, and I quickly confirmed that the near-IR phosphorescence being observed was true emission and not an instrumental artifact.
Along with another Gray group student, Alec Durrell, I set about examining the luminescence lifetimes and quantum yields of the Ir(III) corroles. Our main findings were as follows: the lifetimes of the luminescence are in the range of hundreds of nanoseconds to a few microseconds, becoming a bit longer at low temperature; the quantum yields of luminescence are low, topping out around 1% for the py-ligated complex; and the UV-vis absorption peaks of the corroles display a strong dependence on the polarizability of the solvent, suggesting that the initial excited states of the complexes are quite a bit more polar than their ground states. Interestingly, the non-radiative decay rates of these near-IR emitters are fairly slow considering the low energy of the excited state; indeed, the low quantum yields (compared with, say, cyclometalated red Ir emitters) appear to stem from exceptionally slow radiative rates as opposed to the rapid non-radiative decay that usually for fluorescent gallium(III) derivatives. 8 Although progress has been made, much work remains before we can claim to have developed optimized compounds for optical examination of biological systems. 9 It would be beneficial to have agents that emit with microsecond lifetimes beyond 700 nm, as the most common obstacles to efficient biological imaging-tissue absorbance and intrinsic fluorescence-could thus be circumvented.
Near-IR Phosphorescence of Iridium(III) Corroles at Ambient Temperature
Here we report the photophysical properties of iridium(III) corroles, 10 which differ significantly from those of cyclometalated and polyimine Ir(III) compounds, 11 other luminescent metallocorroles, 12 and free-base corroles. Luminescence quantum yields and lifetimes in degassed and aerated toluene solutions at room temperature (and lifetimes at 77 K) are set out in Table 3 -1. 1-Ir(tma) 2 and 1b-Ir(tma) 2 have relatively short lifetimes and low quantum yields. 1-Ir(py) 2 exhibits a much higher luminescence quantum yield (1.2%) and a longer lifetime. 18 It is apparent even from these initial results that Ir(III)-corrole photophysical properties depend markedly on the nature of the axial ligand. b Luminescence quantum yields were standardized against free-base tetraphenylporphyrin (Φ f = 0.13 in toluene solution at 298 K).
c Measured under atmospheric conditions. UV-vis absorption spectra (Figure 3-3) of the three Ir(III) corroles exhibit split Soret (S 0 S 2 ) and Q (S 0 S 1 ) bands. The splitting of the Soret bands is 1400-1700 cm -1 in all cases; the Q bands are split by roughly 1800 cm -1 in the spectra of 1-Ir(tma) 2 and 1b-Ir(tma) 2 but only by 1000 cm -1 in the spectrum of 1-Ir(py) 2 . Although the Soret solvatochromic shifts of 1-Ir(tma) 2 and 1-Ir(py) 2 are similar, 1b-Ir(tma) 2 exhibits a somewhat weaker trend, which we suggest is attributable to bromine atom -prepolarization‖ of the electron density on the corrole, thereby decreasing the change in dipole moment upon excitation. But we cannot rule out a simpler explanation, namely, that the initially formed 1b-Ir(tma) 2 excited state is not as polar as those of the other corroles.
Our work has established that Ir(III) corroles phosphoresce in the near infrared region at ambient temperatures with lifetimes and quantum yields that depend strongly on the nature of the axial ligands. We conclude from emission band shapes and vibronic splittings taken together with results from electronic structure calculations that the phosphorescence in each case is attributable to a transition from a corrole ππ* triplet state that likely has some 3 MLCT character.
